Background. Even though cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) are associated with a high morbidity and mortality rates, it has been reported that CRS and HIPEC improved survival of selected patients with peritoneal carcinomatosis. We aimed to report morbidity and mortality results of CRS and HIPEC from a single institution in Japan. Methods and Results. Total of 284 procedures of CRS were performed on patients with pseudomyxoma peritonei, peritoneal carcinomatosis (PC) from colon cancer and gastric cancer between 2007 and 2011 in our institution. The morbidity rate was 49% of all procedure, and grades I/II and grades III/IV complications were 28% and 17%, respectively. Most frequent complication was surgical site infections including intraabdominal abscess. The mortality rate was 3.5%, and reoperation was needed in 11% of all procedures. Univariate and multivariate analysis showed peritoneal carcinomatosis index (PCI) greater than 20 was the only significant factor for occurrence of postoperative complications (P < 0.01). In contrast, HIPEC significantly reduced postoperative complications (P < 0.05). Conclusions. The morbidity and mortality rates of our institution are comparable with previous reports that are in acceptable rates. Optimal patient selection such as patients with PCI less than 20 seems to be of paramount importance to CRS and HIPEC.
Introduction
Peritoneal carcinomatosis (PC) originated from gastrointestinal tract malignancies has been regarded as a lethal condition, and these patients have considered to receive systemic chemotherapy or palliative therapy. However, longterm survival is difficult to obtain by systemic chemotherapy. Sugarbaker [1] developed a novel therapeutic approach in the treatment of peritoneal surface malignancies with combination of peritonectomy and intraperitoneal chemotherapy applications in the mid 1990s. Since then, cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) have been recognized as a useful treatment for patients with PC arising from gastrointestinal cancer, gynecological malignancies or primary peritoneal surfaces malignancies as mesothelioma. Although survival benefit of this procedure has been reported in numerous literatures, this treatment is still not widely accepted worldwide because of the necessity of long learning curves for application of these techniques and high postoperative mortality and morbidity rates.
Literatures concerning CRS in Japan are almost limited to the gynecological field. Postoperative complication after CRS and HIPEC for PC originated from gastrointestinal malignancies has not been reported in Japan, except for PC originated from gastric cancer [2] . The purpose of this study is to investigate the morbidity and mortality outcomes of CRS and HIPEC for patients with pseudomyxoma peritonei and PC originated from colon cancer and gastric cancer in the single institution of Japan. 
Cytoreductive Surgery (CRS).
All procedures were performed by the same surgical team, led by a single surgeon (Y. Yonemura). A mid-line skin incision from xiphoid process to pubic tubercle was performed. Peritoneal carcinomatosis index (PCI) was evaluated at the time of laparotomy as described before [3] . CRS included several visceral resections such as stomach, colon, ovary, uterus, spleen, gallbladder, and small bowel. Parietal peritonectomy, greater omentectomy, and lesser omentectomy were also included. The residual tumors were classified intraoperatively using the completeness of cytoreduction (CC) score [4] . CC-0 indicates that no macroscopical tumors remained and CC-1 residual tumor nodules less than 2.5 mm. CC-2 and CC-3 indicate residual tumor nodules between 2.5 mm and 2.5 cm and >2.5 cm, respectively.
Hyperthermic Intraperitoneal Chemotherapy (HIPEC).
CRS was followed by HIPEC. Two inflow and one outflow drainage tubes were placed subphrenically and in the pelvic cavity, respectively. Abdominal cavity was lavaged 10 times by 1 L of normal saline before HIPEC. Then, heated normal saline was circulated for 60 minutes by using a roller pump and heat exchanger. 20 mg of mitomycin C and 100 mg of cisplatin were used as chemotherapeutic agents. Intraperitoneal temperature was monitored by placement of a thermometer in the abdominal cavity and maintained at approximately at 41-42 • C. After HIPEC, abdominal cavity was lavaged by 10 times of 1 L of normal saline. HIPEC were not performed if a high risk of postoperative complications was concerned. Therefore, patients with poor preoperative performance status, serious laboratory data, intraoperative excessive bleeding, and very aggressive operation procedures did not receive HIPEC.
Data and Statistical Analysis.
Data expressed the mean ± standard deviation, when appropriate. Postoperative complication was assessed based on Common Terminology Criteria for Adverse Events v 4.0. Content of postoperative complications was determined by the first complication observed after surgery or was selected more severe complication when multiple complications occurred almost simultaneously. All analyses were performed using StatMate IV for Windows (Atms, Tokyo, Japan). ANOVA, chi-square test or Fisher exact test was used to compare the number of postoperative complications when appropriate. Multivariate analysis was performed using a logistic regression analysis to detect independent risk factors for postoperative complications. P < 0.05 was considered as significant.
Results
Details of patients characteristic are shown in Table 1 . The mean age of patients with gastric cancer was significantly younger than that of the patients with pseudomyxoma peritonei or colon cancer (P < 0.01). The mean PCI ± SD was 20±13 in all patients, and was 22±12 in pseudomyxoma peritonei, was 12 ± 11 in colon cancer, and was 10 ± 10 in gastric cancer, respectively. The mean PCI of pseudomyxoma peritonei was significantly higher than that of colon cancer or gastric cancer (P < 0.01). The mean operating time was 288 ± 96 minutes, and there were no significant difference among patients groups. The mean intraoperative blood loss was 2.4 ± 2.1 L in all procedures, and that of pseudomyxoma peritonei was significantly higher than that of colon cancer or gastric cancer (P < 0.01).
Of the 284 CRS for PC, 64% of all procedures underwent to CC-0 or CC-1 resection, whereas 36% of all procedures resulted in CC-2 or CC-3 resection. There were no significant differences among pseudomyxoma peritonei, colon cancer and gastric cancer group, in terms of completeness of cytoreduction. HIPEC was performed in 64% of all procedures.
Morbidity and Mortality.
The morbidity rate was 49% (139/284) in all procedures (Table 1 ). According to Common Terminology Criteria for Adverse Events, 80 cases (28%) were associated with grades I/II complications and 49 cases (17%) with grades III/IV complications in all procedures. grades III/IV complications in gastric cancer group (38%) seemed to be higher than that in the other groups, but the difference was not statistically significant.
Most frequent complication was surgical site infections including intraabdominal abscess, which was 46% (64/139) of total number of postoperative complications (Table 2) . Gastric or small intestinal perforation, postoperative ileus, anastomotic leakage, urinary disturbance, intestinal fistula and postoperative bleeding were the other main complications after cytoreductive surgery and HIPEC. Gastric or small intestinal perforation, intraabdominal abscess, anastomotic leakage, and postoperative bleeding were the main severe complications as grade III complications.
Postoperative death within 30 days was observed in 10 cases (3.5%). The mortality rate was 3.8% (9/236) in pseudomyxoma peritonei group, 3% (1/32) in colon cancer group, and none in gastric cancer group (Table 1) . The causes of death were anastomotic leakage, intestinal fistula, postoperative bleeding, sepsis, and DIC. Sepsis or multiorgan failure was developed due to anastomotic leakage or intestinal fistula. Reoperations were needed in 11% of all procedures (32/284). In particular, all cases of postoperative bleeding, and most cases of gastric or intestinal perforation were required reoperation ( Table 2) .
Learning Curve.
When divided into two groups; the first 142 procedures and the latter 142 procedures, postoperative complication rate was 49% (69/142) and 47% (67/142), respectively. The occurrence of grades I/II, grades III/IV and grade V complication in the first half were 27% (38/142), 18% (26/142), and 3.5% (5/142), respectively, and those in the latter half were 27% (39/142), 16% (23/142) and 3.5% (5/142), respectively. There was no significant difference between groups (P > 0.05).
Risk Factors Associated with Postoperative Complications.
Univariate analysis showed that PCI greater than 20, operation time longer than 5 hours, and blood loss greater than 2.5 L were the significant risk factors for the occurrences of postoperative complications. On the other hand, the complication rate in patients received HIPEC was significantly lower than that in the patients without HIPEC. Gender, age divided into 65 years old, origin of peritoneal carcinomatosis, or completeness of cytoreduction were not related to the occurrence of postoperative complications (Table 3) .
Multivariate analysis using a logistic regression model showed that PCI higher than 20 was the only significant factor which increased the occurrence of postoperative complications. PCI greater than 20 was associated with 2.8 times increased the risk of the occurrence of postoperative complications (Table 4) . Patients who receive HIPEC showed significant lower mortality and morbidity rate than patients not received HIPEC after multivariate analysis.
Discussion
PC of gastrointestinal origin has been regarded as inoperable conditions and treated by systemic chemotherapy or palliative therapy. Based on the theory that peritoneal carcinomatosis is a locoregional disease, cytoreductive surgery and perioperative intraperitoneal chemotherapy have been applied in selected patients with peritoneal carcinomatosis. This procedure has achieved a 5-year survival rate of 73% in patients with pseudomyxoma peritonei [3] , 45% in patients with PC of colon cancers [5] , and 27% in patients with PC of gastric cancer [2] . However, high morbidity and mortality rates remain a serious concern of cytoreductive surgery and HIPEC. Chua et al. [6] reviewed that a major morbidity rates ranges from 12% to 52% in high-volume centers. In the present study, the morbidity rate of 49% in all procedures and 21% more than grade III complication were observed, which were within the reported ranges. Considering severe situation of patients with PC and aggressive surgical method of cytoreductive surgery, the morbidity rate is thought to be acceptable because of obtained survival benefit from these procedures.
The most frequent complication in our institution was surgical site infections including intra-abdominal abscess, which occupied 46% of all complications. Intra-abdominal abscess was diagnosed by dirty discharge from drainage tube and computed tomography. Surgical site infections including intraabdominal abscess could be treated usually by drainage of infected site (81%, 52/64), by needle puncture to abscess cavity using ultrasound device or computed tomography (13%, 8/64), or by surgical reoperation (6%, 4/64). Surgeryrelated complications such as gastric or intestinal perforation, anastomotic leakage, intestinal fistula, and postoperative bleeding were other major complications after cytoreductive surgery and HIPEC.
The mortality rate after cytoreductive surgery and HIPEC has been reported to be ranging from 0.9% to 5.8% [6] . A mortality rate in our institution was 3.5% in all procedures. The cause of death included anastomotic leakage, sepsis, postoperative bleeding, intestinal fistula, and DIC. Reoperation was needed in 11% of all procedures. Serious complications required reoperations were gastric or intestinal perforation and postoperative bleeding.
Risk factors associated with postoperative complications from univariate analysis were PCI greater than 20, duration of operation longer than 5 hours and intraoperative bleeding greater than 2.5 L. Multivariate analysis showed that only PCI >20 was the significant risk factor for the occurrence of postoperative complications. Chua et al. [7] showed left upper quadrant peritonectomy and small bowel resection were the factors that predicted for a poor perioperative outcome. Saxena et al. [8] showed that ASA more than 3 and an operation length more than 10 h were the significant risk factors for grades IV/V morbidity in patients with pseudomyxoma peritonei.
It has been demonstrated that HIPEC is not a significant risk factor associated with postoperative complications, although HIPEC may affect bone marrow activity, renal function or operating duration. Unexpectedly, we found that patients received HIPEC were associated with significant lower complication rate by univariate and multivariate analysis. The reason is not known, but the indication of which we usually did not apply HIPEC on patients with CC-2/3, excessive intraoperative bleeding, poor laboratory data or performance status more than 3, might affect the results obtained in this study. Further studies are needed to clarify the role of HIPEC in postoperative complications after CRS.
Elias et al. [3] and Glehen et al. [9] reported that a risk of morbidity and mortality after cytoreductive surgery and HIPEC significantly is related to the institution, where the treatment was performed and concluded that this procedure should be centralized to institutions with expertise in the management of peritoneal carcinomatosis. Moreover, it is demonstrated that learning curve is an important factor to reduce the occurrence of postoperative complications [10, 11] . Approximately, 130-140 cases are reported to be necessary to minimize mortality and morbidity after the procedure [10, 11] . In this study, we did not find any difference between the first 142 and the latter 142 cases in terms of the occurrence of postoperative complications. The significant difference between groups was the ratio of CC-0/1 and CC-2/3 resections. CC-0/1 resection was performed 55% of the procedures (78/141) in the first half and 77% (108/141) in the latter half (P < 0.05, data not shown). Regarding the similar complication rates between two groups, we thought that we performed all surgical procedures with one experienced surgeon. Accumulation of experience in this procedure in our experienced surgeon could be the reason similar complication rates in the two groups. Even though, morbidity and mortality rates were not differed between two groups, complete resection rates were increased in latter group still suggesting that there was a learning curve associated with this procedure.
In conclusion, the morbidity and mortality rate after cytoreductive surgery and HIPEC in our institution did not differ from previous reports. The morbidity and mortality rate after the procedure are compatible to those after pancreaticoduodenectomy or esophagotomy, which are widely performed all over the world. Up to now, long-term survival of patients with PC can be obtained only by cytoreductive surgery and HIPEC. This procedure could be, therefore, considered as a standard treatment of PC in selected patients.
